ABSTRACT-We investigated the effect of cimetidine, a clinically used H2-receptor antagonist, on the induction of long-term potentiation (LTP) in the dentate gyrus of anesthetized rats. Intracerebroventricular injection of cimetidine (50-100 nmol) inhibited the induction of LTP in a dose-dependent manner. The inhibitory effect of cimetidine was not mimicked by other H2-receptor antagonists (ranitidine, famotidine) or the H1-receptor antagonist diphenhydramine or the H3-receptor antagonist thioperamide. These results suggest that cimetidine inhibits hippocampal synaptic plasticity by a novel brain mechanism unrelated to H1, H2 or H3 receptors.
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Histamine plays many important roles as a neurotrans mitter or neuromodulator in the central nervous system. For example, histamine is involved in circadian rhythms, sleep-wake cycle and various motivated behaviors (1) . There is also evidence that the histaminergic system is involved in learning and memory (2, 3) .
There are three classes of histamine receptors, i.e., H1, H2 and H3 receptors (4) . It has been reported that H1 receptors are involved in the memory facilitation by histamine (5) , but the role of H2 receptors in learning and memory are not well-understood. Long-term potenti ation (LTP) of synaptic transmission in the hippocam pus is a form of activity-dependent synaptic plasticity and is believed to be the cellular basis of learning and memory (6) . To examine whether H2 receptors are involved in learning and memory, we investigated the effects of H2-receptor antagonists on LTP in the dentate gyrus of anesthetized rats in vivo. Here we report that cimetidine, a clinically used H2-receptor antagonist, in hibited the induction of hippocampal LTP.
Recording of evoked potential was made as described in our previous paper (7) . Briefly, male Wistar rats (7 to 9-weeks old) were anesthetized with a combination of urethane (1 g/kg, i.p.) and a-chloralose (25 mg/kg, i.p.) and then fixed in a stereotaxic frame. In this anesthetic condition, we could record stable field potentials for more than 2 hr. A bipolar stimulating electrode was stereotaxicaiiy piacea in the iert entorninai cortex to stimulate the medial perforant path, and the evoked potential was extracellularly recorded from the granule cell layer of the ipsilateral, dorsal dentate gyrus. A single test stimulus (0.08-msec duration) was applied at intervals of 30 sec, and the stimulus intensity was set at a level that evoked a population spike of 50% the maximum. The evoked population spike amplitude was measured as shown in Fig. IA . After stable baseline values were obtained at least for 15 min, the vehicle saline or the drug solution was injected in a volume of 5 ;al into the con tralateral ventricle using a microsyringe with injection time for 2.5 min. Tetanic stimulation (30 pulses at 60 Hz) was applied at the same intensity through the same elec trodes as used for test stimulation. The effects of drugs were assessed on the time course curves of potentiation of population spike after tetanic stimulation. In order to compare and summarize several data sets of time course curves of potentiation, we calculated the area under the curve (AUC) from 5 to 60 min after tetanic stimulation as shown in Fig. 113 . All data are represented as the means±S.E.M.
First we investigated the influence of cimetidine on the basal evoked potential. As shown in Fig. IA , the synaptic potential evoked by low-frequency test stimulation was observed up to 85 min after intracerebroventricular (i.c.v.) injection of cimetidine (100 nmol), but there was no significant change in the basal synaptic responses.
Next the effect of cimetidine on the induction of LTP was investigated. In the saline-injected group, the evoked potential was greatly potentiated following tetanic stimu lation, and LTP was generated in all cases tested (Fig.  1B) . I.c.v. injection of 100 nmol cimetidine 25 min prior to tetanic stimulation significantly inhibited the induction of LTP (Fig. 1B) . The inhibitory effect of cimetidine on LTP induction was dose-dependent ( Fig. 2A) . We also investigated the effect of cimetidine on the maintenance phase of LTP. LTP was induced by tetanic stimulation, and then cimetidine (100 nmol) was i.c.v. injected 20 min after tetanic stimulation. As shown in Fig. 1C , cimetidine had no effect on the pre-established LTP, indicating that the inhibitory effect of cimetidine is specific for the LTP induction mechanism. hydramine and H3-receptor antagonist thioperamide. However, none of them had a significant effect on the induction of LTP like cimetidine did (Fig. 2) . We found that cimetidine inhibits the induction of LTP. However, the inhibitory effect of cimetidine was not mimicked by other H2-receptor antagonists, ranitidine and famotidine, suggesting that H2 receptors are not in volved in the induction of LTP. In addition, neither the H1-receptor antagonist diphenhydramine nor the H3-an tagonist thioperamine affected the induction of LTP. The histaminergic system is unlikely to be involved in the in duction of LTP at least in the dentate gyrus of rats.
Cimetidine is well-known as an H2-receptor antago nist, but also possesses a variety of pharmacological ac tions unrelated to H2 receptors. For example, cimetidine interacts with androgen receptors, consequently exerting its antiandrogenic action (8) . Moreover, imidazole-de rived H2-receptor antagonists including cimetidine, in contrast to the furane derivative ranitidine, are able to interact with GABA and benzodiazepine binding sites in the central nervous system (9, 10) . Cimetidine has an analgesic effect, which is shared by imidazole derivatives but not by the non-imidazole H2 antagonists (11, 12) . Furthermore, [3H]cimetidine binding in the brain is not displaced by ranitidine and by histamine at high concen trations only (13 15) , suggesting that [3H]cimetidine has a high affinity binding site unrelated to H2 receptors. The existence of a cimetidine-imidazole-recognition-receptor different from H2 receptors has been postulated. These actions of cimetidine unrelated to H2 receptors may be involved in its inhibitory effect on LTP. Further studies on the LTP-inhibiting effect of cimetidine may give new insight into the mechanism underlying learning and memory.
